The main objective of this study was to investigate the effectiveness of protein extraction from mature-dried Moringa oleifera seeds by three methods: simple pulverization, oil-extraction, and protein-fractionation. Using an electrochemically activated solution as a solvent of the protein extraction process was found to be an extremely effective method due to its significant performance, environmental qualities, chemicals reduction usage and low cost. The chemical composition of protein-fractionation (MO3) indicated that the percent of protein was high at 84% ±0.5% while the percentage of oil was low at 0.5% ±0.1%. This leads to increased efficiency in clarifying low turbidity water. In addition, the new bio-coagulant tackled the limitation of previous research, namely the loading of organic compounds into the water after the coagulation process by Moringa oleifera seeds. Three substances extracted from Moringa oleifera seeds can be used as an alternative to the commercial coagulant polyaluminum chloride (PAC) for water treatment in both lake water and municipal wastewater. The results showed that MO3 showed the highest efficiency in removing turbidity, chemical oxygen demand (COD), and Escherichia coli from lake water at 99.3%, 98.46%, and 100%, respectively, compared with results from municipal wastewater at 95.44%, 82.4%, and 99.1%, respectively.
Moringa oleifera proteins and determined that globulin presented the best performance, promoting high turbidity and color reduction efficiency in low turbidity waters. Also, it is able to remove microorganisms due to the consistency of the antioxidant and antimicrobial. Moringa oleifera seed extracts have been observed against S. aureus, E. coli and V. cholerae in the shrimp pond water (Viera et al. ) . In addition, biofilms of microorganisms of clinical interest were removed by Moringa oleifera seeds, such as S. aureus and P. aeruginosa and the yeast C. albicans. The bio-compounds most likely involved in this activity are saponins, tannins, isothiocyanates and phenolic compounds, such as alkaloids, particularly flavonoids, which exist in high concentrations in the seeds (Brilhante et al. ) .
In the past, researchers such as Bichi (), Petersen et al. () , and Nguyen () only studied crushed Moringa oleifera seeds after removing the seed coat and wings, and grinding to clarify synthetic water from turbidity. However, these substances had effective results in high and medium turbidity ( 200 NTU). Thus, development in methods of derivative extraction was investigated. Distilled water, salts and solvents were used to extract the active compound of Moringa oleifera before treating the pollutants in wastewater. Sodium chloride solution was used to extract protein from the Moringa oleifera seeds (Okuda et al. ) . This substance was found to have 7.4 times higher coagulation ability than that using distilled water due to the increase in protein dissociations, and protein solubility for coagulation. Madrona et al. () described that the reduction in the color and turbidity of aqueous water by Moringa oleifera extract prepared by using potassium chloride (KCl) solution was more efficient than with distilled water. Most of the methods of extraction for Moringa oleifera seeds were the oil-extract by solvent extraction such as hexane (Muyibi et Moringa oleifera extract, the purification methods, for instance dialysis, precipitation, delipidation, centrifugation, ion exchange, and lyophilization, have been described. This will improve the processing costs and difficulty for large-scale practical use. Thus, the challenge in the coagulation process is production of new coagulants with high efficiency, eco-friendliness, and biogradated sludge formation to achieve sustainable development.
In the past decade, electrochemically activated solutions (ECAS) have been applied widely in food production industry, biotechnology, healthcare settings and drinking water treatment. Aider et al. () concluded that ECAS played a role as self-formation of acidic (anolyte) or base conditions (catholyte), selected protein and fiber extraction, preventing the development of microorganisms on the food or biomaterial. According to Cao et al. () , ECAS including catholyte and anolyte were used for gelatin extraction from fish skins. Using ECAS is an eco-friendly and effective method. As mentioned in this research, the protein extraction of Moringa oleifera seeds has been improving this utilization of ECAS as extracted solvent after the oil-extraction step by n-hexane. Protein of Moringa oleifera seeds was approximately dissolved into ECAS then precipitated and dried. This extracted product is rarely biodegraded by microorganisms due to the antioxidant from ECAS.
Polyaluminium chloride (PAC) has become popular in the coagulation-flocculation process due to its many advantages over metallic salts (aluminum and iron salts).
Many researchers found that PAC had better efficiency at low temperature (Yu et al. ) , fewer aluminum residuals, less sludge formation, a wide pH range (5.5-8) of raw water for activity, and more rapid flocculation (Wei et al. ) .
Recently, most studies on the coagulation mechanisms of PAC conclude towards the combination of the adsorp- 
MATERIAL AND METHODS

Chemicals
The following chemicals were used in, whereas this study. 
Extraction of Moringa oleifera seeds
Moringa oleifera seeds were harvested from Binh Thuan province, Vietnam. Seeds were chosen that were not decayed, old, or infected with seed pests. These seeds were dried in the oven (Blinder, FD 115, USA) for 24 h at 40 C. After that, the seeds were crushed into powder using a blender (Sunhouse, SHD5580, Vietnam) . This powder was known as MO1.
Continuously, the MO1 was defatted by extracting with n-hexane. The extraction process was carried out 3 times with an n-hexane/powder ratio of 3:1 (v/w) at 45 C in 15 minutes under ultrasound by the ultrasonic cleaner (Sharpertek, SH80-2 L, USA). The solid was collected by filter papers (Whatman, 4, UK) and then dried at 50 C (Blinder, FD 115, USA) (MO2).
The defatted flour was suspended in an electrochemically activated solution which was produced using an electroactivator (Aquapribor, AP1, Russia) with pH 9.0 in a relation 1/10 (w/v). The suspension was stirred by magnetic stirrer (IKA, RT5P, China) for 1 hour at room temperature and then centrifuged (Hettich, Eba 200, Germany) at 9,000 rpm for 20 min at 10 C. The precipitate was freeze-dried at room temperature about 20-25 C (MO3). All three materials were stored in a desiccator (Boeco, GLA 415262302, Germany).
The coagulant stock
Moringa oleifera extract powder stock
One gram of Moringa oleifera powder extract was dissolved in 1,000 mL of distilled water to obtain the stock coagulant.
The mixture was blended using a magnetic stirrer (IKA, RT5P, China) for 30 min at high speed to extract the active proteins of Moringa oleifera. The suspension was then filtered through a filter paper (Whatman, 41, UK) with a pore size 20-25 μm in a beaker to get a stock solution of 1 g/L.
Preparation of the PAC stock
The PAC powder (PAC-HB, Viet Tri, Vietnam) was dissolved into deionized water to prepare a concentrated stock solution (2 mol Al/L). To enhance reproducibility and avoid degradation of the solution, a fresh coagulant solution was prepared from the stock solution the day before each set of experiments.
Water samples
The lake water samples were taken at Van Quan Lake, Ha Dong district, Ha Noi, and the municipal wastewater was collected from To Lich River which is the main artificial drain of domestic wastewater in Ha Noi. Tables 1 and 2 show the quality of lake water and river water, respectively.
All samples were stored in the pharmaceutical refrigerator (Panasonic MPR-S313, Japan) at 4 C within 24 hours.
Experimental design
The design of the Jar Test experiment was based on Nguyen was poured into the beaker and stirred rapidly for 4 minutes with Moringa oleifera seed extracts predetermined concentration then stirred for 20 minutes (the rotational speed of the stirring paddle for fast and slow stirring was 100 and 40 rpm, respectively). Next, the suspensions were left to stand for 30 minutes. After the coagulation process, pH, turbidity, COD, and E. coli were identified in the lake water and the municipal wastewater. These parameters represent pollution of particulates, organic matter, and microorganisms. All experiments took place at room temperature (25 C ±0.5). In Vietnam, a tropical country, the temperature of surface waters and domestic wastewaters is relatively stable. Thus, temperature is not a significant factor in the optimal dosage of coagulants. The initial pH of the sample did not change during the coagulation process because the pH of both samples was neutral at around 7. These parameters were in the optimal range for coagulation process by Moringa oleifera extract powders and PAC. The turbidity, COD, and E. coli removal efficiency (H%)
Analytical methods
were calculated using Equation (1) as follows:
where C 0 and C are the initial and final concentration of turbidity (NTU), COD (mg/L) and E. coli (CFU/mL) in water, 
RESULTS AND DISCUSSION
Chemical composition of protein Moringa oleifera extract Villaseñor-Basulto et al. ).
Quality of sample water
Quality of the lake water (Van Quan) and municipal wastewater (To Lich River) were determined and are shown in Coagulation is utilized as a primary process of surface water and wastewater treatment in the control of particulates, microorganisms, and natural and synthetic organic matter. Thus, in this research, we chose three parameters: turbidity, COD, and E. coli, to investigate the efficiency of the proposed coagulation process. They not only represent types of pollution for surface water and municipal wastewater but also were easily analyzed. 
Treatment of lake water with different
In contrast, substances produced from Moringa oleifera seeds are composed of the organic molecules pro- The pH and alkalinity strongly influence the coagulation ability of inorganic coagulants like aluminum sulfate, iron sulfate and PAC. Each coagulant has a different optimal pH range, for example 3-9 for iron salts coagulant, and 5.5-8 for aluminum-based coagulants (Yan et al. ) .
Effect of pH on aluminum hydroxide solubility (PAC)
pH effects aluminum hydroxide solubility as it is a typical amphoteric hydroxide. The pH of the water can be too basic or too acidic to make it dissolve, resulting in excess aluminum content in the water. pH also influences aluminum hydroxide particles. The charge of the colloidal particles in the water is related to the ion composition of the water, in particular the H þ ion.
Influence of pH on organic matter in water (humic acid)
When the pH is neutral, the gel solution of humic acid is negatively charged so is easily degraded. PAC coagulant does not execute well for organic compound removal when pH <5.5. This can be explained by the fact that when the solution condition is acidic, the carboxyl groups of organic compounds are hardly hydrolyzed because of the high concentration of H þ ; furthermore, H þ could react with organic molecules which compete with the complex reaction between aluminum pieces and organic matter. At higher pH, humic acid becomes completely soluble and is difficult to remove efficiently. In addition, formation of colloids are influenced by the pH value of water with regard to potential and the isoelectric point. If the alkalinity of the water is too low, it will not be sufficient to remove the acid produced by the hydrolysis of coagulants. As a result, the pH value of the water after the coagulation process decreases rapidly. Then the alkali is used to adjust the pH of the water and thus the effect of alkalinity to the coagulation is relative to the pH value.
According to Ndabigengesere & Narasiah () , the effect of pH was not significant to the coagulation process using Moringa oleifera extracted seeds. This is because the This study did not investigate the effect of pH on the coagulation process extensively (these results were not displayed). We agree that the optimum pH for PAC coagulant is 5.5-8 and for Moringa oleifera extracted powders pH is not a significant factor for coagulation capability. Based on the analysis, the optimum pH obtained using Moringa oleifera, a bio-coagulant, is pH 6-8. At this point, amino acids are ionized to form a carboxylate ion and proton, and directly attract electrons (colloids) to form neutral groups and produce floc so as to remove the contaminants from the water (Ndabigengesere & Narasiah ).
From River, belonging to an Escherichia coli family, by using the simple crushed Moringa oleifera seeds.
Treatment of municipal wastewater by different
Moringa oleifera extract powders (where turbidity in water after the treatment process was 3.72 NTU), the turbidity in wastewater after the coagulation process using MO1 was more than 26 NTU. Therefore, the purified protein in Moringa oleifera seeds extraction is affected by coagulation availability, whereas the reduction of COD in the wastewater is shown in Figure 4 
CONCLUSION
The method of protein fractionation from Moringa oleifera seed discussed in this study is simple, and easy to apply on an industrial scale. Using hexane to remove oil and extracting the protein with electrochemically activated solution is a novel method of producing new bio-coagulant. In comparison with PAC coagulant, the most popular coagulation agent, fractionation protein MO3 was not only more effective for removing turbidity and COD, but also E. coli in treating lake and domestic wastewater. It has the potential to become a commercial product -bio-coagulant to replace common chemical coagulants (PAC) -with many benefits such as improved water treatment efficiency, more eco-friendliness, less sludge formation, biodegradability and lower costs.
In this study, the challenge presented by the coagulation process is the complexity of scaling-up the process on the water treatment plants. Different parameters of coagulation-flocculation technology require accurate control to attain the efficiency of the process. Thus, bench-scale experiment or trial and error testing is always required to determine the most efficient coagulant, pH range and alkalinity value for particular wastewater at a certain dosage.
